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COMPLETE SPECIFICATION 

Phosphorus- and Nitrogen-HSontaJning Compositions and 
Lubricating Gomqpositions <^nraining ihem 

W<^ The Ldbrizol Corporation, a ooiparaticm duly organised and existing 
under the laws of the State of Ohio, United States of America, of Etidid Ststioo, 
develand 17, Ohio, United States of America, do hereby dedarc the inventioa, for 
which we pray that a patent may be granted to us, and the me±od by which it is to be 
5 performed, to be particularly describe in and by the foillowing statement: — 5 

This invention concerns phosphorus- and nitrogen- containing compositions i.c. 
misEtures of coic^xmnds oorKammg phosphoras and mtrogen, a process of preiparmg tircni * 
and lubiicatmg composiiJ^s oontajning ihenL 

Although organic pho^horus and nitrogen compounds are <juite effective for use 
10 as plasticizets, pestkides^ ySced killers^ rust-uihilMtQrs^ coirosian-tixlubiiiors, deuezgents, 10 
etc, they have not, generally, found wide applicaxioa because of their susceptibility to 
tfaocmal degradation. There is, accordingly, a gr^t deal of interest in processes for prcr- 
paring thmuEy stable organic phosphorus and nitrogen coropoimds. 

In acocntdanoe with dits iaveotion, a process for prq?armg a phosphorus- and 
15 ntttogen-<ontaining oon^osition con^>rises formng an addic intermediate by the reac-* 15 
tion of a hvdrozy-subsdtnted trieFter of a phosphorothioic add with an inorganic phos- 
phorus ada> phosphorus oxide or phosphorus halide, and neutralizing % substantial por- 
tion of said acidic intermediaite wrdi an amine. 

The term 'inorganic phosphCKrus halide* as used iaerem is intended to include 
20 phosj^iiis caiyhaiides and pho^horus thiohalides. 20 

lite term 'substantially hydrocaibcm radical' as used herein means a bydroc&iban 
radical or a hydrocatbon radical containing no more than ooe polar group, for example 
ddorin^ as a sabsticuent 

One particcdady preferred process according to the inventiou comprises fom^ig an 
2S addic intermediate by the reaction of hydro:^propyl OpMlihes;^ phosphoroditfaioate 25 
with phosphorus penioxide at a ten^ezature wMun the range from 50<^C. to ISO^'C, the 
molar rsllo of ihe {Ao^tezodidDoatc to phoi^ihorus pemx>xide bemg about 3:1, and 
neutraliiing said addic intermediate with a substantially equivalent amount <tf an ali- 
phatic primary amine iiaving 12 cartson atoms. 
30 A 8ea)nd particularly preferred process aocorduig to the invendon coniprises fonn^ 30 

ing an addic hitermediate by the reaction of hydroxypropyl OjOMihept^lKn^ phos- 
phorcdtiiuoate with phosplnmis ptniioxide at a temperature within the zangie from 50°C. 
to 150^0, Ite molar ratio of the phosphoroditbioate to phosphoms i)ent<ixide being 
about 3:1, end neutralizing said addle int^mediate wmi a subsmntisly equivalent 
35 amount of an aliphatic primary amine haviii^ 12 carbon atoms. ^ 35 

The hydrozy-subsdtuted triesters of phosphorothioic acids useful in tblis invention 
mchide principally «hose having ihe stnxctaral roimula 



>* 

vfinerAi R is sdected from the dass consisting of subscantialiy h5ndb:ocaiton nidlcs^ end 
I^to^QT-substitiitcd substantially hydiocaibon nuUcals, at least one of die R radicals 
bong a bydjmy-substituted substantially hydrocarbon radical, and X is snlfiu or 
omen, at least one of the X radicals being sulfor. The substantially hydrocarbon 5 
radicals indude atO!inat!C» alipbatlCj and qfdoaUpharic radicals such as aryl) 
araU^ alkar}4j and cydoalkyl rdicals. Such radicals may auoain a polar sutetituent 
sizdi as chlorOj brcmio^ iodo^ aUxncy, arsdosy, nitcDj iceto, or aldehydo group but, as 
indkated sdiove, tfa&ie ^ould be no mere Aaii one such polar group in a x^dicd* 

Specific examples of the substantially hydrocarbon radical are mcdiylj edxyl} iso- .10 
prq»y], secoDdaiy-butyly Isobutjdi n-pentyl, dodecjrlj polylsobutene radical (motecolar 
weight of 1500), cydohes^, cydopent^, Z-heptj^-cydoheigrl, phenyl, naphth^ xenyi, 
p-heplylphenyl, 296-^-4erti3ry-bi^lphenylj benzyl, phen^cthyl, 3,5-dodecylpheiQri^ 
ddoxopheoylj alph»4n^osy-beta-naphthyL p-nitropheny], p-phenoxyphenyi, TAxKanO' 
&&iy\ 3-d]l(a:o<yclohesQ^ and po^rof^ene (molecular wei|^t of 30G}-si]b8tEtuted 15 
phcnd xBdicaL 

The l^dzQs^-substituted substemtially hydmcaibon: ladicals indude prindpally 
the above4]h]serated substantially hydrccaxbon radicals containing a hydroxy gioup. 
Those having less than S cariton atoms are preferred because of the convenience hi pre- 
paring such hydiosy-substhiuied tricsters. Examples of such radicals are hyditixymediyi, 20 
hydros^ethyl, 2~hydroxyprop3fi, 3-hydroxypropyI, 2-hydro2:ycydohexyl9 2-hydrQxy^ 
tydlqpentyl, 2-hydtosy-l-octyl, l-hydrosy-3-(K^j l-lrydroxy-2-octyl, 2-iT)?iroxy-3- 
phenyl-cydohe^l, l-hydroxy-2-phenyiethyi, 2-hydroxy-l-phenylethyl, 2-hyaroxy-l-p- 
tolylethyl, and 2-hydrosy-3-butyI radicals. Other hydrojty-substiiuted siibstanrially 
hydrocarbon radicals arc enempUfied by 2,5-dihydroxyphenyl, alpha-hydrosy-beta- 25 
naphih^3 3-hydroxy«4-dodecyl, 3-hydroxy-5S-octadccyl, and p^p-hydmgfpheiiyl)- 
phenyl radicals. 

A preferred dasa of the hydroxy-substituted triestets comprises those having the 
stnu!tutai formu la 
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Tdiereia R^ is a substantially hydrocarbon radical illustrated above and R' is a bivalent 
substantially l^diocarbon radical sudi as an alkylene or aiylene radical derived from the 
previously illusttated substantially hydrocarbon radicals. 

Preferred process^ according to the invaition are those in whidi : — 

(a) R^ in the formula is an aiiphadcaliy-substituted aromatic radical and in the 35 
fimnnla is a substanddly a%hatic rascal 

(b) R^^ in the f<mnula is an allgrl radical^ R^ in the formula is an allc^Ioie radicalj.and 
die anaine is an aliphatic amine having from 4 to '30 carbon atomsw 

{c) R^^ in ihe fmnula is an alkaiyf racScal, R^ in ihe formula is an alkylene ladicalj 

and the amine is an almhatic amine having from 4 to 30 carbon atoms. 40 

(d) R^inthefbrmuhiisaCi^s allcyleneradiad, 

(e) R^^ in the fonnula is an all^ radical and the aliphatic amine is a'tertiaiy-^Ikyl 
pmnazy amine* 

A convenient method for preparing sudi esiscs involves the reaction of a pho^ 
phorodidimic add with an epoade or a glycol. Such reactum is known in the art; The 45 
fdbwing equations are Hhisttative of the reaction. 
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^Aeidn 6 Is an epoxide and HO— R^-^H is a gljfcoL 



For reasons of economy aliphatic eposides having less than about 8 carbon atoms 
5 asdscyxexi^oiddesa^pieferrcdforuaeinthe^^ 5 
aie execnpliikd by eth^eoe oxide, propylene oxide, styiene oxide, alpha-methylstyrene 
oxide^ p-methylstyrene oxide, cydohoceoe oxide, cydopentene oxide, dodecene oxide, 
octadecene oxide, 2j3-butene oxide, l52-butene oxide, 1,2-octene oxide, 3,4-penteiie 
oxide, and 4^henyI'-l,2^ydohesene oxide. Glycols include both aliphalic and atonmitc 
10 ' di^hvdroxy compounds, lite latter are esenqiMed by hydioquinone, catechol^ xesor- lo 
dnolj and 1,2-aihydrorynaphtjhalene. Aliphatic glycc^s are e^dally useful such as 
edrflene giycol^ trlxnetJiykne glycol, tetzamethylene glycol, hexamethylcne ^ycol, pro- 
pyteie gl^lj pentylene ^yoo1» decametfaylene g^col, diethylene ^ycoL txitohylene 
gjfs^l* and penfiaetfaylene glycol. 

15 Anotiicr ccunenient mediod for prepaiiQg ifae liydirascy-^cibsiituisd tnesters com- X5 
ipcises dhc add&ion of a pltosf^orodiiiiioic add to as unsstuiaisd akohoft susfa as a!k|d 
idochd, dnaamyl alcohol, or ateohol such as is d)e9cribed: ia U.S. Patent 2,528,732, 

StiD asodior mettod involves tfae leacdos trf a metajl i^oQ)3K>r0tl]doaae vriib a ba^igen^ 
sobstittdsd alcohoL Tbb method Is described !n U.S. Kdssue Patent 20^411* 

20 The phosphorodidiioic adds &om wlilcfa the hydioxy-substitiited tiiesteis can be 20 

derived are likewise well-known. They are pillared by the reaction of phosphonis 
peitfasdlfide with an alcohol or a phenol The ceacdon involi^s 4 moles oi the alcothol cxr 
phenol per mole of phosphorus pentasolfide and may be carried cut within the tempera- 
ture range from about 50°C to about 200**C Thus the preparation of 0,0*-di-n-ne^l- 

25 phosphoroditfaioic add involves the xeacdon of phosphorus pentasulfidc wint 4 moles of 25 
n-hexyl alcohol at about lOO^'C for abont 2 hours. Hydr^oi sulfide is Ifoerated and 
the residue is the defined add. The preparation of the pho^hon^onotfaimc add may 
be ejected by treatment of the corresponding phc^horodithioic add with steam. Phos- 
phorotnthioic adds and phosphorotetrathioic adds can be obtained by the reaction of 

30 phosphorus pentasulfide with mercaptpjns or mixtures of mercaptans and alcohols* 30 
llie leaotton of phosphorus pentasulifide with a miixture of phenols or aicohois (e»g., 
isobutanol and n-hexanol in 2: 1 molecular weight ratio) restdts in phosphorodithiGic 
adds in whidi tie two ocganic radicals are different Such adds likewise are usefd 
herein* ^ ^ , 

35 The inorganic phosphorus reagent useful in the reaction with the hydroxy-substi- 35 

tuted triestera of phosphorothioic acids is preferably phosphorus peniioxide. Other phos- 
phorus oxides such as ^osphorus tdoxide and pho^horns tetroxMe lil;:ewise are usefuL 
Also useful are phosphorus adds, and phosphorus halides. They are exemplii5ed by 
phosphoric add, pyrophosphoric add, meta|Ao^horic add, hypopbosphoric add, phos- 

40 phorous add, pyrophosphorous add, met^hosphorous add, hypophosphorous add, 40 
phosphorus trichloride, phosphorus trlbromid^ phosphorus pentachloride, monobromo- 
pho^honis tetrachloride, phosphorus oxydiloride, pnoHphoroos tfaiochloride and phos- 
phorus triiodide. 

Tlie reaction of the hydroxy-substitufied triesters of phosphorothioic acids with the 

16 irooriganic phoqAiorus reagent re^ts in an addk p^coduct* The chsmical const^mcton ^ 
of the addle produa depends to a large measure on the nature of the inorganic phos- 
phoms reagent used. In most instances the product is a complex mixture tiie predse 
compofiition of whidi is not known. It is known, however, that the reaction involves the 
hydroxy radical of the triester with the inorganic phosphorus reagent. In Ais respect the 

50 reaction may be likened to that of an alcohol or a phenol with die inorganic phosphorus 50 
reag^ Thus, the reaction of the hydroxy-substituted triester with phosphorus pcntox- 
ide is believed to result princq>aay m addic phosphate^ Le., mono- or di-csterc of phos- 
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phone add in ^ch the ester radical is the residue obtained by die remo\'aI of the 
hydroxy radical of the phosphorotfaioic triester reactant. The product may also contam 
i^iospbonic adds and pnosphinic adds in which one or two direa carbon-to-phosphoras 
linkages are present. 

5 The aadic product of the reaction between the hydroxy^substituted iriester with 5 

pho^horus oKyhallde or phosphoric add is believed to result in suniiar mixtures of 
addic phosphates, phosphonic adds, and/or phospbinic acids. On the other hand, the 
reaction of ilie hydraxy-substituried triester with phosphorus trichloride or phosphorous 
add is believed to result principally in acidic oiganic phosphite. Still other products 

10 may be obtained from the use of other inorganic phosphorus reagents iUustzHted pre- 10 
vxously. In any event, the product is addic and as such is useful as the mtcnnediate for 
the preparation of the neutralized products of this invention. 

Usually, from 1 mole to 5 moles of triesten is used for each mole oi the inorganic 
phosphorus reagent The prefened pn)pQrtion of the triester is about 3 to 4 moles for 

15 ead] mole of the phosihonis red|ent. The use of amounts of either reacEam oufiude the 15 
limits 05 arc indicated here imlts in escessive miused amcwnts of die reactant and is 
ordinarily not preferred. 

Hie leaceion of the hydroxy-sutedtuied triester with the in<»:ganic phosphorus 
reagent to produce the addic intermediate can be effected simply fay rmsisig the two 

20 reactants at a temperature preferably above room temp^ature, particidaiiy above 50^C 20 
A higher totnperature such as lOO^C or 150^C may be used but ordinarily is unneces- 
sary. 

The amines useful for noxtralxang the addic incexmediate may be al^hatzc amines., 
azomadc amines, cydoalipfaatic amines or hecerocydEc amines. Amines having firom 4 

25 to 30 aliphatic carbon atoms ore preferred and the aliphatic primary amines, particu- 25 
lady the tertiary allyl primary ammes, having 12 or mose caxbon atoms and having die 
fonnulai R"— NH^, where R** is, for ezample^ tert-dodecyl, tert-octadec^, behenyl, 
steaiyl, dooo^ hexatriaoontanyl, and pentaheKacomanyl radical aie especially useful 
Exan^les of odier emfaies indude cydohesyl amine, n-hexylamme, dodec^amine, di- 

30 dodecylamin^ tri-dodecylamihe, N-methyl-octylamine, butylamfne, bchenylamine, 30 
stearyl amine, oleyl amine, myristyi amines and N-dodecyl trimethyiene diamine, aniL- 
ine, o-tfthTTdfnr, nsei^Iene diamine, N,>P-di-sec-butyl|phenylene d^mine^ morpholine, 
piperazine, menthane diamine, cydopeo^l anfiine, emylene diamine;, hei^m^faylene 
tetramine, octamethylene diamine, and N,>P-dibutyiphenylaie diamine. 

35 The neutralization of the acidic intermediate with the amine is in most instsnces 35 

exothermic and can be carried out simply by nmdzi^ tiie reactants at ordinary tempera- 
tures, preferably from about 0^ to about 2W^C The chemical constitution of the 
neuctalized product of the reacticm depends to a large extent upon the ^Demperatuie. 
Thu% at a relatively low tempezature, sudi as less than about 80^C, the product com- 

40 prises predominantiy a salt of the amine with the add. At a temperaf ire above about 40 
IQO^C, the product may contain amides, amidines, or mixtmres th^eof. HowevcT) tiie 
reacti<ni of the addic intermediate widt a tertiary amine results only in a salt 

The relative proportions of the addic intermediate and the amines used in the 
reaction are preferably sudi titat a substantial portion of the addic intermediate is 

45 neutralized. The lower limit as to the amount of amine used m the reaction is based 45 
primarily i^on a consideration of the utility of the product formed. In most instances, 
enough amine should be used as to neutralize at least about 50'/ of ilv* acidity of the 
intezmedtate* For use as additives in hydrocarbon oils, substantially neutral products 
sudi as are obtained by neutralization of at least about 90% of the addity of me inier- 

50 mediate are desirable, whereas for use as insectiddes or rust-preventive agents for treat- 50 
ment of metals, products obtained by neutralizit^ as Uttie as about 507? of the addity 
of the intermediate are effective* Thus the amount of tiie amine used may vary within 
wide ranges depending upon die addity desired in the product and also upon the addhy 
of the intermediate as d^ermined by, for example, ASTM procedure designation 
55 I>— 6 W or D— 974. 55 
Hie foUowmg exan^lcs are iUustrative of the process for preparing the phos- 
jdiorus- and nitrogen-oontainlng compositions of this invention. 

Example 1 

Fhosphcmis pentoxide (64 grams, 0.45 mole) la added at 58^Q within a period of 
60 45 minutes (Co hydrme^mpyl 0,O - d2(4 - methyl - Z - pentyl^phosphorodhhioace (514 50 
grams, 1.35 moles, prepared by treating di(4 - meth^ - 2 - pentyl)phosphorodidi2oic 
add witii 1.3 moles cf propylene oside at 25°C). The n^iixture is Iieatcd at 7S°C for 
ZS houcs^ mixied vritii a filtering ai^ and filtered at 70^C The filtrate is found to iiave 
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a phosphorus content of 11.8%, a sulfur content of 15 and an add number of 11 
(broou^henol blue indicatjor)« To 217 grams (0.5 equivalent) of the above acidic filtrate 
there is added at 25^ to 60^C. within a period (rf 20 minutes, 66 grama (0.35 equi- 
valent) of a commercial aliphatic primary amine having an average nolecular wekht 
5 of 191 in which the aQphadc radical is a mixture of tertiarynaliqrl radicals costa^g 5 
from 11 to 14 carbon atrnns. The pardally neutralized product is found to have a phos- 
phorus contoit of 10.2%, a nitrogen content of l^%j and an add number of 263. 

« 

EXAMBIB 2 

A mixture of 442 grams (0.925 mole) of hydroxypxopyl 0,0^-bis(didiLnrophenyl)- 
10 phosphorodithioate (prepared by the reaction of bisfdichlon^henyQphosphorodifhioic JO 
add with 1.1 moles of propylene oxide at 30^--900C} and 43.6 grams (0J08 mole) of 
phosphorus pentoxide is heated at 140^C for OJ hour, at 120— 125<>C lor three hours, 
and at 155^ — leO^'C for one hour. The product is found to have an add number of 83 
(hromophecol blue indicator)* The addic intennediate is neutralized by treatment with 
15 238 grams of a commerdal aliphatic primary amine having an average molecular wdght 15 
of 315 in which the alqihatic radical is a mixture of tertiary aUtyl raiiicals containing 
from 18 to 22 carbon atoms at 110° — ^120°C for 2.5 hours. The neutralized pixxhict is 
filtered and the filtrate is found to have a phosphorus content of 5.4%j a sulfur content 
of %2%, a chlorine content of 17.8%j a mtrogen content of 1.5%, and an add number 
20 of 3 J. 20 

EX&MFLE 3 

A mixture of 308 grams ^.68 moles) of phosphorus pentoxide and 2424 grams 
(65 moles) of hydroxyemyl 0,0*-di(4-methyl-2-pentyl)phosphorodithioate is heated at 
80*'— 90<*Q for 16 hours and filtered. The fihrate has an add number of 131 ^hend- 

25 phtfaakin indicator). A portion (1981 grams) of the above filtrate is neutralized by treat- 25 
meot widi a stdchiometrically equivalent amount (887 grams) of the aliqphatic primary 
amine of Example 1 at room temperature. The neutraiu£d product is filtered and the 
filtrate is found to have a sulfur content of 123%^ a phosphorus content of 9.9%4 and 
a nitrogen content of 1.3%. 

30 Example 4 30 

A mixture of 667 grams (4,7 moles) of phosphoriB pentoxide and the hydroxy- 
propjd 0,0^-diisopropylpho8phoroditfaloatc px^ared by the reaction cf 3514 grams of 
dlisofnop]^ ^^horoditbioic acid wsth 986 grams of propylene oTa6&. at 50^ is 
heated at 85^0. for 3 hours and filtered. The filtrate has a phosphorus content of 

35 153%j a sulfur content of 19.6%« and an add number of 126 ^romophenol blue 35 
indicator). A portion of the filtrate (1752 grams) is then neutralized dy treatment widi 
a stoidiiometrically equivalent amoum (764 grams) of tiie aliphatic pnmaty amine of 
&an^le 1 at 25^ — 82^C The neutralized product has a phosphorus content of 9.95 %« 
a nitrogen content of 2.72%^ and a sulfur content of 1Z6%. 

40 

40 EXAMPLS 5 

A mixture of 710 grams (5 moles) of phosphorus pentoxide ind the hydroxy- 
propyl OjJ^ - di^4 - methyls 2 - pentyl^^hosphoroditfaioate obtained by the reaction of 
4935 grams of di|[4 - methyl - 2 - pent^) - phosphorodithioic add with 957 grams of 
propylene oxide is heatesd at 75^-^0''C for 2 hours and filtered, fhc filtrate has a 

45 phosphorus content xA 12.8%, a sulfur content of 15.9%^ and an acid number of 118 45 
(phenio^phdtakui ufdcatEs). A pcntton (475 grams) of the addic filHtrate is dien neutral- 
ized by treatment widi a stoichiometrically equivalent amount of an amine mixture 
consisting of 35 grams of the aliphatic primary amine Example 1 and 35 grams of a 
commercial polyethylene polyamine having an average composition ccrresponding to 

50 tiiat of tetraedi]^eoe pentamine at 30^— 42'^C 50 

Example 6 

A mixmre of 35 grams (0.246 mole) of phosphorus pentoxide and 286 grams (0.98 
mole) of hydroxypropyl O^O^^-isopropji-phosphorodithioate is heated at 70° — 80°C 
for 3 hours. The product has a phosphorus content of 14.3%, a sulfur content of 20%, 
55 and an acid number of 154 (phenolphthalem indicator). A portion (280 gratns) of tiae 55 
addic product is then neutmlized by treatment witii a stoichiometrically equivalent 
amount (147 grams) of the aliphatic primary amine of Example 1 at 30^ — 45°C for 
2 hours. The neutralized product is filtered and the filtrate has a phosphorus content of 
9.1%, a sulfur content of 132%, and a nitrogen content of 2.6%. 
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EXAMPLB 7 

Fbo^homs pmitosidc (403 grams) is added at 75°C, within a period of 2.75 hours 
to 52(J0 grams of hydioxypiopjl 0,0*-di(4Hmcthyl--2-yentyl)phosphorodithioate. The 
mndure is heated at 75^C for 5 J hours and ^ liquid addic product separated. To 
3415 grams of the liqind there is added at 25'C to 75^C widiin i period of 45 5 
♦"fatiiYva the diphatic primary amine (3415 grams) d Example 1. The product ia then 
mtered. The filtrate is found to have a phosphorus content of 7.77%« a sulfur content 
of 10.81%, and a moogen oontent of 2M%. 

EXAMPLE 8 

Phosphorus pentoKtde (142 grams) is added at 75^C. mibm a period ol L2 hours 10 
to 1500 gcams of hydroxypiopyl 0,0^ - di(4 - methyl - 2 - pem]c4)phospharodithioate. 
The mtmire is heated at 75°C, for 3<5 hours and the liquid addic product s^aiDted. 
The liquid product is found to have an acid number of 83 (hromophenol blue mdicator}. 
To 1591 grams of the litpd there is added at 70^C. within a period of 15 minutes 700 
erams of the aliphatic pnmacy amine of Esan^k 1. The product is fflteredL The filtrate 15 
18 fbuod to have a phosphorus content of 7.95%, a sulfur content of 10.75%^ a nmogen 
content of 221%, and a basentimbe; of 25. 

EzAMpx^ 9 

Phosphorus pentoxide (64 grams) is added to 514 grams of hydmo^imyt 0,0^- 
di^4 - mwflr i ' pentyi)pho^onKihhioaie at mm ten^)eIature to 5irC witUn a 20 
period of 45 minutes. Tbe reaction & exodiecmic. The reacdon mixture is teaced to 
78^C. and held at this ten^erature for 2.5 hours. The reaction mbcture is filtered at 
70^C. The filtrate is found to have a phosphorus content of 11.8%^ a sulfut content of 
11.8%^ and an add number of 87 ^romophend bli^ indicator). To 150 grams of die 
a(^c filtrate there ia added dropwise at room temperature widiin a pariod of 1 hour 25 
124 grams of die al^)hatic amine of Eicsniple 2. An exotiiennic reaction occurs, the 
temperature of this completed reaction mixture being 54^C The reaction mixture is 
heated to 80°C, held for 3 hours at that temperature, and filtered at 65^C The filtrate 
is found to have a phosphorus content of 4.5%, a sulfur content of 8.57%, a nitrogen 
content of 1.96%, and a base number of 20. 30 

Example 10 

Fhosi^rus pemoxide (331 grams 235 moles) is added to bydroxybutyl 0,0M1I- 
isopropylphosphcnodithioate (pr^ared by the reaction of 12 moles of bifiyiene oxide 
wkh duMpropyl phosphorodnWoic add at 10*=*C to 20<*O at 3Q^C Jo 60°C wiihin 
a period of 1^ hours. The mixture is heated to 80^C and neld at that ten^erature for 35 
3 boors. The reaction product is found to have a phosphorus content of 13.1%, a sulfur 
content of 19*1%^ and an add number of 114 (bromophenol blue indicator)* To 2424 
grams of the acidic product there is added 1520 grams of the aliphatic primary amine 
of Eirample 1 at 3CPC. to 50^C withhi a period of 1 hour. The latter nnixture is furdier 
ndxed for I hour and filtered. Hie filtzare is found to have a phosphorus content of ^ 
8US4%, a sulfur content of 11.6%, a nitrogen content of 2.83%, and a base number of 

Example 11 

Phosphorus pentoxide (208 grams, lAl moles) is added at :50^C to 60°C to 
bydro^piopyl 0,0^-di-isobuty^hosphorodithioate (prepared by reacting 230 grariis of 45 
propylo^ oxide vnth 1184 gcams of 0,DMiis6butylpho^hor(vdithio&: acid at 30^C 1» 
60°C), The reaction mixture is heated to 80°C and held at diat temperature for 2 
bours. To the addic rraoion mixture there is added a stoiduometrically equivalent 
085 grams) of the onnmerdal aliphatic primary amine of Example 1 at 30^C 
to 60^C Ilie product is filtered. The filtrate is found to have a phosphorus content of 5Q 
931%, a suUur contoit nf 1U7%, a nitrogen content of 2J0%, and a base number 
of 6.9 (bromophenol Uue indicate), 

EXAAfPLE 12 

Phosphorus pentoxide (53 grams, 0.35 moles) is added to 430 grams (L14 moles) 
of hydroxypro p yf O,0-di(4-me^lr2^entyl)pho^horodithioate at 60^— 63^C. withhi 55 
a poSod of 55 faours.. The reaction mixture is heaeted to 75^— ^O'^^^. and held at ^asx 
ten^etatoie for 2 hours. To this reacdon mixture there is added 219 grams of the 
conunerdat aliphatic primary amine of Example 1 at temperatures below 30^— 60^C 
iriiliin a period of L5 hours. The product is maintained at SO^-^-dO'^C for 0 JF hour and 
filtered. The filtrate Is foimd to have a pho^horous content of 8%, a sulfur oontem of 60 
10»4%, a nitrogen content cf 2*2%, and a base number of 23 (bromopbenoi Uue 
indicatoc). 
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ESABSPIB 13 

Phosphorus pentoxide (42 grains, 0.3 moles) is added to 455 grams (0.9 mole) of 
3-cblora--hydros3fpiop7l 0,0^ diisooaylphosphOTodiduoate (pnepaxed by reacting 1 
mok of 0,0^ diisooctylphosphoiodithioic acid \rfth 1 mole of epichlotohydrin at room 

5 temperatare to 6S^C) at 75^C. within a 45 minute period. The acidic reacdon mixture 5 
is heated to 75^C^ held at that temperature for 3 houia, and filtwed. To the acidic 
filtrate (415 grams) there is added 191 grams of the al^hatic primary amine of Ezanqple 
1 at room lemperaiure to 60^C. wirfiin 0 J hour. The reaction mmure is filtered. The 
fiftrate is found to have a phosphoitB content of 6.54% a sulftir content of 8.45%, a 

10 chlorine content of 4.23%, a nitrogen content of 231%, and a base number of 12 10 
(hiomopbendl blue indicator). 

Example 14 

Phosphorus pentoxide ^38 grams) is added to 298 grams of hydmxypropyl 0,0^- 
di(4 - meihyl - 2 - pentyi)phosphoromonothioatB (prepared by the reaction of 52 grams 

IS of propylene oxide with 279 grams of 0,0^ - di - (4 - methyl - 2 - peatyl^hoajhoro- 15 
monothioic acid at room tanperatute to 65°C) at 75°C within a period of 1.5 hour. 
The acidic reacdon mixture is held at 75*'C fear 3 hours and filtered. To 204 grams <rf 
the addic filtrate there is added 191 grams of the commerdal aliphatic pamaiy amine 
of Example 1 at room temperature to 65°C withm a period of OJ hour. The produa 

ao is found to have a phosphorus content of 6.47%, a sulfur content of 5.38%^ a sitto^ 20 
content of 3.58%« end a base number of 74 (bromophenal Uue indicatar). 

Example 15 

Phosphorus pentoxide (42 grams^ Is added to 405 grams of phci^l-hydzoxyethyl 
040^di<<4-mediyK-2-pentyl)phosphoroait^ (^re^md by reacting 0jO^di-<4-mfithyI» 

25 2-peniyl^hosphoroduhioic add with one mole of sQmie oxide at room tsmpmture to 25 
65°C) at 75°C within IJ hours. The add reaction mixture is held at 75*Q for 3 
hours and filtered. To 372 grams of the addic filtrate there is added 229 grams of the 
Gommexcial aliphatic primary amine of Exan^le 1 at room temperature to 65^C witlv- 
in 0.5 hour. The product is found to hare a pho^horus amteot of <32%, a sulfur 

30 content of 8. 13 %j a nitrogen content of 2.85%, and a base number of 45 (I^mophenol 30 
blue indicator). 

BXAMPXiB 16 

Phosphorus pentoxide (33 grams) is added to 297 gums of hydnxsyoctyl diqido- 
hexyj^hoaphmdithioate (pm>aied by leacdqg diq^oh^lphosphoi»dtthioic add with 

35 one mole of 1.2 octene oxide ac foom temperature to 60^C) at 75''C within a 45 35 
minute period. The addic reaction mhttnre is hdd at 75°C. for 4 hours aod filtered. To 
235 grams of the addic filtrate diere is added 115 gxsms of the commercial aHpIutic 
ptioiary amme of Sample 1 at room ten^serotuze to 65^C widiin 15 miootes. 
product is found to have a phosphorus contoot of 6.87%, a sulfor content ol 9-00%, a 

40 nitcc^ contem of 132%, and a base number of 19 (bromophenol blue i^idb»^ 40 

EjCAMPUB 17 

Phosphorus pentoxide (55.8 grams, 0.39 mole) is added at 60^-4K)<'C to 1358 
grams (1.18 moles) of hydraxyprop^ 0,0^<bis-^olyisc^meene (molecular weight of 
35p)-8iiD8dtiited phtenyl) phoqihozoditiuoate. The mixture is heated at llO^C. for 6.5 
45 hours and filtered. The filtrate has a pho^horus content of 4.3%, a sulfur content <^ 45 
and an add number of 46 (bcompheziQl blbe). To grams of this fito^o^ ihere 
is added at 65^--^^C 100 grams of a commercial grade N-ammc^ropyi lallow amine 
having a nitrogen content of 7% and the resulting mixture heated at 85^Cl lor 40 
minutes. The product is found to have a phosphorus content of 3.5%, a nitrogen con- 
50 tentof 1.4%, and a base number of 10. 50 

Example 18 

To 224 grams of ^ filtrate of Exan^ 17 there is added 36 gmms (OJS nu^) 
of a^ha-naphthylamine at 89^C within 12 minutes. Hie product is found to have a 
phosphorus content of 3-6%, a nitrogen content of 1.3%, and an add number of 44. 

55 Example 19 55 

Pho^horus pentoxide (90 grams^ 1.89 moles) is added to 1062 grama (1.69 mdes) 
of hydioxypropyl OyO'-dihepty^yhenylphosphoroaitfaioate at room temperature m 61°C. 
within 1 hour. The mixture is heated to iJOO^C, hdd at this temperature for 3 J hours, 
and filtered at 85°C. The filtrate is found to have a phosphorus content of 7«6%, a 

€0 sulfur content of 10.8%^ and an add number of 70 (bcomophenol bloe mdicator^ To tfO 
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225 grams (0^0 mde) tiiere is added 37 grams (0374 mole) of cydobcxykmJne at 
42^ to 93°d The miztiue is stirred for an additional 10 minutes at 83^C The product 
is foond to have a phosplunas content of 6.45%| a nitrogen content ot 1.97%^ and a 
base number of 6. 

5 EZAMPLB 20 5 

To 224 gmns (0.280 mole) of the filtraie of Example 19 •di^ is added 11.5 grams 
(0.1S7 mole) of eAyfcsnc dianine at 4fP-^S^C, The mixture is stirred for an addi- 
tional 5 minutes at 95^C The piodua is found to have a pbospliorus content of 7.31%> 
a nitrogm ocmtent (tf lJ9S%j andabaseiiiimfeer of 2. 

xo Example 21 10 

Phosphorus thiochloride (S4J grams, 05 mole) is added to 592 grams QJ moles) 
of hydroxypiopyl 0,0»-di(4-mediyl-2-pemyl)phosphorodWuoate at 30<>C The acidic 
leacdon mixture is heated to SS^C, Iield for 6 liours at th& tenqxexatDre, ^nd isuxed 
with 281 grams (1.5 mdes) of the aliphatic primary amine of Example 1 sr 30^CX to 

15 60°C. The product is fouod to have a phosphorus content of 6*85 %j a sulfur content 15 
ol 14.9^^ a nitro^ content of 2.ia%j and an add number (rf OS (bzomophend 
Uiue indotorX 

EXAMPtE 22 

Phorohoric add (85% aqueous solution) (230 grams, 2 moles) is added to 1170 
20 grams (3 moles) of hydioxypropyl 0,0^-di(4-mediyI-2-pentyl)phosphorodidiioate at 
SO^C The mixture is heated to 70^C/20 mm, and then heated at 78^(1 for 8 hours. 
During the period, 83 grams of distfllate is collected. The residue is filtered. To 1129 
grams of iJie filtrate there is added 845 grams of the aliphatic primary amine of Ex- 
ample 1 at 30^— 70°C The product is filtered at 65^C. and the filtrate found to have 
25 a phosphorus concent of 73%, a sulfur content of 8.64%, a nkrc^ craient of 2.95%, 
and a base nmnber of 4 (bromophenol blue indicator). 
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Example 23 

Phosphorus trichloride (46 grams, 033 mole) is added to 388 grams (1 mole) of 
hydroxypropyi O,0^.di(4-methyl-2^ai7l)phosphorodithioate at room temperature 
within 30 minutes. The mixture is heated to 80«»G/15 mm within a 3 hour penod. To 
tiie addic residue <393 grams) there is Added 117 grams of the aliphatic jaimaiy amine 
of Example 1 at room temperature to 45°C. The product is found to have i phosphorus 
content of 8,02%, a sulfur content of 12,72%, a nitrogen content of 1,64%, and a base 
number of 41 (bnanophenol blue indicator^, , 

The tAosphon^ and nitrogen-containing oompositioos of this mvcntton arc useful 35 
as insediddes, conosion-iidiibiifiorB, lust-inihibitorsi, and anti-wear agents. To SUmrate, 
they may be incoxpoiated in insecdddal emulsions or atomized sprays at concentrations 
hanging from about 0.01% to about 5% by wdgjit. A more specific example is an emul- 
^n comprising 97 parts (by weight") of water, 1 part of Kjdium dodecyfoenzene sulfon- 
Aa ate as die emuMfier, and 2 parts of a kerosene solution containing 40% of the product 40 
of Example H This emulsion is effecdve m controlling infestation of ^hids on vegeta- 

^^Hie use of the phosphorus- and nitrogen- containiiig compositions hi cutting oils 
is ifinsttBOed by a composition compcirfag SAE 10 mineral oil oontainfar^ Z5% by 
4S wekhtofdieinwductaf fiffln]qplel7. ^ 
"The phosphoruB- and nitroffin-contafadng compostuons of this mvention are espe- 
dalty cflfcdivc as cotrosion-inlnbitfEg and extreme pressure additives in lubricating 
cffmpn^Ana Whco uscd as lubricant additives they are added w the lubhottipg dl in 
a nuofflC nropardbn by vra^t and those derived from phosphorothioic aads^ m which 
50 the ester raScals oootain a total of at least about 7.6 aliphatic carbon atoms per plws- 
phorus atom are prefened because cf thehr greater oil-solubility and compatibiUty with 
other additives i»*idi may be present in the lubricant. , , jj- 

The lubricating oils in which the composiuons of this invention are useful as aadi- 
tivcs may be of synthetic, animal, vegetable;, or mineral origin. OidinAiily mineral 
lubricating oils are preferred by reason of their availabifity, general excellence, and low 
cost For certain applications, dls belonghig to one or the otfier tiiree groups may be 
preferred. For instancy symhetic polyester oils sudi as didodecyl idipate and di-2- 
rthylhcxyl sebacate are often preferred as jet engine hibricantt. Normally die lubncating 
oils piefcrrcd wiU be fluid oib ran|?ng to viscodiy from aboitt « Sayodt Unntasal 
60 Secimds at lOO^F. to about 200 Saybolt Universal Seconds at 210«F. 60 
The concentration of the pliosphorus- and nitrogen-contaming compositums oi tms 
. invention to be used in a lubricant depends primarily upon the type of ml used and the 
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tutciie of the sendee to vrbkb the lubricating composiaoii is to be subjected. In most 
instances the concentration will rajoge from ^ut 0.001% to about 10% by weight of 
the additive in a lubricant More particularly^ for example, a lubricant lor gasoline 
internal combustion engines usually contams fnnn about 0.05% to about 5% by weight 
of the additive, whereas a lubricant for diesel engines usually contains ijom, about 0.1% 
to about 10% by weight of the additive. On the other hand, a lubricant for 2-cyde 
engines may contain as litde as 0.01% or less by wdght of the additive and a lubricant 
for power transmitdng units such as gears or udes usually contains frcnn about 0.5 to 
5% by wei^ of the additive. 

Other additives which can be used in conjunction widi the phosphorus- and nitro- 
gen-containing compositions of this invendon in lubricants include principally detergents 
of both ashless and ash-contaim'ng types, siq^cmicntal corrosion-inhibiting agents, sup- 
plemental extreme pzesaire^ improvmg agents, rust-inhibiting additives,, pour point 
depressant agents, vlscoaiqr index impioviDg a^nts, anti-foam agents^ and oxidadoa- 
inhibiting ^gents. 

A pardculaxly effective combination of additives for use in hibricants for auto- 
mobile transmissions, geats^ or axles comprises the i^osphorus- and nitrogen-contain- 
ing compositions of tiiis invention togedier with a substantially hydrocarbon polysuLBde, 
Lwsricaots containii^ such conibination of additives are charact^ized by non-cotxnsive- 
n^,^ improved stabUicy against oxidative and thermal degradation, and die abihiy to 
provide effective htbxication in changing operating environmoits wherem ahodc load, 
high speed, and hig|i tonpie demands ate made both cydicaly or in Fcquenoe on the 
lubricant 

The substantially hydrocarbon polysulfides whidi are espedalfy useful for this 
pmpose indude prmc^ally aliphatic, cydoaliphatic^ and aromatic disidfides. tiisulfides, 
tetrasulfides, pentasidfide;, or higher polysulfides. Hie term polysulfidc " a$ used heie- 
in designates conopounds in wMdi two substantially hydrocanmn radicals are joined to 
a gi!Dup oonsisting of at lieasc 2 sulfur aooms. Such polysulfides are represented, for the 
most part^ by any of the structural formulaabelow. 

wherein R^^ is a substantially hydrocarbon radical such as iDustratBd previously and n 
is an hither preferably less than 6. The nature of the linkage between the sulfur atoms 
is not cleariy understood, aldiough it is believed that such linkage may be described by 
a single covalcnt bond, a double bond, or a coordinate covalent bond 

Polysulfides preferred for use herein ere alkjd polvsulfides, cycloalkyl polysulfides, 
aralkyl polysulfides, aryl polysulfides, alkaxyl polysidfioes or polvMilfides isaving a mix- 
ture of such hydrocarbon radicals. The polysulfides cantaining at least about 6 carbon 
atoms per mdecule have greater oil solubility and are generally prefoicd. Specific 
examples of such polysulfides are diisobutyl trisulfide, diisopentyl tnsulfide, di-n-butyl 
tetrasulfide, dicyclopentyl disulfide, di-mcthylqjrdohcsyl tetrasulfide, di-Z-ethylcydo- 
pentyl disulfide, dipentyl trisulfide^ betappin]jd pentasulfide, dibenzyl trisulfide, benzji 
iOHoctyi dindfidie, ^rdienyl disulfide, cycioh^ cydopeotyl trisoMde, alpha-butyi^seta- 
napht^l trisulfide, bis(polyisobutene (molecular weight (rf 1000>subeatuted-phenyl) 
disulfide^ di^tolyl disulfide, di-parafiin wax trisulfide, di-terpenyl distdfide, bi5(o,p- 
diisopropylphen^) tetrasulfide, didodecyl trisulfide, dtbehenjd trisulfide, and isobutyl 
c^dohexyl tetrasulfide. Other polysulfides such as polar substituted polysulfides are 
exemplified by di(p-dilorobeQ2yl) disulfide, di-(omc%&-bcumopentyl) uis^ilfide, di(p- 
butoxyphenyl) disulfide, and di(o-mtro-p-heptylphenyl) disulfide. 

The prqjaration of the polysulfides may oe accomplished by any of the various 
processes which are known and disdosed in the art including, for exanrole, the reaction 
of a chlorohydrocarbon with an alkali metal polysulfide, the reaction ojf a mercapton or 
a thiophetiol with sulfur and/or sulfur halide, the leaaion of saturated and unsaturated 
hydrocarbons with sulfur ana/or sulfur halide, and the reaction of a hydrocarbon mono- 
sulfide with sulfur. 

The concentration of the polysulfide in a lubricant is usually from about 0.05% 
to about 10% by weight 

Detergents useful m conjunction with the phosphorus- and nitrogen-containmg 
conqyosition in lubricants indude normal or basic salts of petroleum naphthenic acids, 
petroknm sulfonic adds, oil^-sduble &tly acids^ etc; and addess detergents such as the 
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nracralizBticui product of tdetliykDe tetraniine with an alkenyl substituted sncdnfc 
anhydride lumog 50 caxboa atoms m liie alfeei^ substituent and the copolymer of 5 
poxits of beta^lifftlqrlaminoeilqfl aoyloe wMi 95 part$ ai dodecyl Qustbao^laie; Ozida- 
don-inhtbitors usefol ia such Inhricants indnd^ e»^., basic metal petroleum sulfooates^ 

5 metal pbenates, amines^ boizyl thiocyanatesiy etc. Film strength agents includes e^^ 
diloxinated pax^ffin oils amtaining firam 20 to 70 of chlorine, chlorinated efccsane 
wax contaii^g from 50 to of chlotine, hexadiloro-diphenyl ether, polydiloro- 
bqiheiiyl, etc 0£liness agents indude, e.g. mediyl oleaite^ oldc add, stearic add, sul- 
fidzed spenn o£t& spexm dl, com oil, etc. Four point depressors indude^ c^., vrax- 

10 allgdated naphthalene or pheoanthrcne, copolymer of butyl me±acrylate with decyl 
mcthacryi^ etev Foam inhibitors indude^ e.g^ the polymeric di-affcyldHooDe, poly 
aciyiates, etc VIsoo^ index hnprovers indude, e^^ polymerized and copoiymenzed 
afl^ mediacryiates, polymerized butenes, etc 

The following hibricams illustrate die utility of the phosphorus- and niticgen- 

15 fwitni'ning compositions of this iuveadim as addidves in hilnkating cot3po9ldons*. (all 15 
percentages axe by wdght). 

Lubricant A 

Gear hibricancs comprising SAB 90 mfaietal ofl comahdng 2% of the product of 
Example 1. 

20 iMtvicant B 20 
Gear lubricant compri^ SAE 90 mineral oil containing V/^ cf the produa of 
Example 2 and 2% of diisobu^l tetrasulfide. 

Lidrricattt C 

Automobile cxankcase lubricant comprising SAB lOW 30 minecal oil containicig 
2S 0J% of the product of Example 3, 0.04% of a polymeric alkyl-^oxane ^ 
ageo^ and 0.1% of dodecenyuucdnic add as a rust-pieventive. 

Lubricant D 

Qrankcase lubricant for gasoline engines conxprishig SAE 20 mineral oil contain- 
ing 1.5% of the product of Sample 5, 2% of barium mahagorQr sulfonate. 1% of zinc 
30 dicydobesyl phosphorodidiioat^ and 5% of polyisobutene haviog a molecular wcjght 30 
of 50,000 as w yiscosity index hnproving agent. 

Ltibrictznt S 

Gear luhricant comprisiog SAE 80 mineml oil containing 3% of the product of 
Example 6, 3% of di(chIozobenz^}trisumde, 05% of steazamlde as the oiliness ^geni;, 
35 8Dd OjO<% afapolymadteda^]^^ ^ 

Lubricant P 

Gear lubricant comprising SAE 90 mineral oil containing 5% of die product of 
EYBmpTft 1 and 3% of dittrpet^ tettasnlfide. 

Lubricant G 

40 Gear lubricant compriring SAE 90 mineial oil containing 3*5% of the product of 40 

Bxmn^e 12 and L5% of dk^h^ disulfide. 

Ladfricant B 

Gear lubricant comprising SAE 80 mineral oil containing L5% of the product of 
Example 8, 2% of a chlorinated eicosane having a dilorine oootent of 40%, and 3% of 
45 di-tt-^jent]^ tetrasulfide. 45 

Lidfricant 1 

Diesd engine lubricant comprising SAB 30 mineral oil contaking S% of the pro- 
duct of Sample 13, 10% of caldum didodec^benzene sulfcmate, 3% of t»rium salt of 
di(o-hydroxyphenyI)d]sulfide and 3% of the reaction product of 4 mole of d^entese 
50 with I mole phosphorus sesquisdfide. 50 

Lubricant J 

2<yde outboard motor lubricant comprising SAE 5 mineral oil containing 0.05% 
of the prodtia of BEan^)Ie 23 find 0.8 % of a copolymef of 2 parts of bcta-dieti^amine^ 
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ethyl acrykte with 98 parts of dxdodecyl xnediacr]^ ha^ng a xndecular wei^t of 
20,000. 

Labricant K 

AutamotiTe trananissicm lubricant comprising SAB lOW 30 minexal oil contauiing 
5 2% of the product of Example 18, 2% of barium dlisooctylphosphoroditiaoate, 025% 
of oleamide, 1% of didodec^l phosplihde^ and 3% of a basic barium sulfonate obtained 
by mixing mahogany add vns5x 2 moles of barium bydnisdde and carisonatiDg the mix- 
ture in the presence of phenol and nuneral oil at ISO^C 

The efiec^eoess of the phosphorus- and nitiogen-containing compositions of diia 
10 invention in enhancing die tbennal stability of lubricants is shown by the following tesL 
lia this test a 20-cc sannple of the lubricant having immersed therein a 10 — ^ZO gauge 
sceel strip (2 x 0^ inch) is placed in a test tobe at 300^F. The stability of the lubricant 
is measured in cetms ^ die rime required for appearance <jf hB2e or sediment, i»e., the 
longer the time reouired for appearance of haze or sediment, the mm stable ihe hibri- 
IS cant The sesuks of thia test are summarized in Table I below. 



Tabus I 



Period Wxdiin^Which 
Te8tLi]bticBnt(% bywdlgfat) Hazeot Sediment i^n^eais 



I 


Gear lubricant + 3.8% of 
hydroxypropyl 0,O^-di (4- 
med^l*2-pcnt]^ phoaphjonh* 
dithioatB 


3 to 4.5 hours 


n 


Gear lubricant of 00 + 3.77% 
of the phosphnrodiihioate of 
(J) treated TTXthphoaphoms ^ 
pffntiwiiidft anil ^wnm^ according 
to the procedoxe of Example 7 


52 to 57 hours 


in 


Gear lubricant dr(I) -f 3.77% 
of thetlKmhorodilhioate of (1^ 
trusted wlm phosphorous pesttoadde 
and amtne ajQOQtdmg to the pro- 
cedare of ExBsqde 8 


72 to 75.5 horns 


IV 


Gear hjfaricast + 4.62% of liie 
piDdQCtofExan9»le9 


34 to 461ionr8 


V 


Gear lubricant + 2.9% of the 
product ofEsample 10 


54.5 to 59 hours 


VI 


Gear Inbricant + 3.4% of ^ 
product of Esanqde 1 1 


72 to 90 hours 



An important characteristic of lubricant additives Is non-corrosiveness to metals. 
Thus riie additives of tins invention are evaluated as to corrosiveness by an ASTM 
Cc^per Corrosion Test Qproceduie designation ASTM D 130—56;. The test consists of 

20 hnmersing a freshly polished copper strip in the lubricant, heating the lubricant at 
250°F. for 3 hours, and measuring the extent of corrosion of riie strip at the end of the 
heating period. The measurement of cbnosion^ accomplished by comparing the strip 
vrith a set of ASTM cc^per strip corrosion standards and is reported on the following 
scale: 1 for slight taimsh; 2 for moderate tarnish; 3 for dark tarnish; and 4 for cor- 

25 roslon. The lubricant used in the test is a SAE 90 mineral lubricating oil containing 3% 
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^dgfxt of the addxtrve to be tested Tbt results of the test are summarized in Table 
It below. It will be noted that Additive C is prepared by the process of Esraxnple 12 
except that jjhosi^Qnis pentasulfute (not contemplated within uie scope of lias mvea- 
tion) is substituted on a cheoiically equivalent basis for the phosphorus pertoside used 
and that the additive has a maxhmun corrosion rating and is without utility for the 
poipases of this invention. 

Table II 

TestResuk 

AddMve Tested (Co-str^ Rating) 

A Product rffixampk 12 1 

B noductQfEattiipIe2I 2^3 

C ProdQctproared by the procedure 
of Emi^ 12 except diat PgSs is 
stibnitixtfidibr the jPsQs used 4 



The efficacy of the additives of this invention to impart l<»d-carryaig properties to 
lubricants is shown by the Timken OK Load Test rASTM BuIIetia No ISU April 1^ 
10 1952) hi which the load at which rupture of a fihn of the lubricant between the rotating 10 
cup and a stationary Uock and surface distress (e.g.y scorii^, abrasion) of tiie etatinnary 
block occur. Thus, the higher the load, the better the load-catiyfa^ properties of the 
lubricant. The resuhs of this test are given in TaUe ni bdow. 



1,009,913 



Test Result 
Oin duplicate) 

ljihricam(%additivcbywdiJit) (OK Load-Pounds) 



A 


SAEQOminexaloil 


5 




B 


SAB 90 xmoenl ofl + 5% of 
prodact of Bmoqile 12 


45, 


50 


C 


SAB 90 mineral oa +1.18% 
of product of Example 12 


55, 


55 


D 


SAE90niiieial<nl+ 1.53% 
of Product of Bnuxqde 13 


«, 


55 


B 


SAEPOmjnetaloa + 1.54% 
of Product of Example 14 


40, 


40 


F 


SAE90]nineiaIoa + 1.37% 
ofFcodiictrfEun9]e22 


60, 


55 


G 


SAB90nii]ietal oU + 1 .46% 
of Product of Eicaiiqjie 16 


55, 


60 


H 


SAE90iii]aersl(nl + 1.54% 
ofFndoct ofBsanqpte 15 


55, 


65 


t 


SAB90iniiKtaloa+1.75% 
ofPwdoct of Example 17 


13, 


10 


J 


SAE90niineial«I + 1.55% 
f^Vtodact of EKHiiqkte 19 


25, 


20 


K 


SAB90 ndnenl oa + 1 .37% 
of Product of Ez8iiqde20 


20, 


13 


L 


SAB90in]ae»iIojl + 1.25% 
ofProdnct of Esamp]e23 


30, 


30 


M 


SAE90miiuxalciI+ 1.46% 
of Produa of Emii$]e21 


50, 


55 



The dkajmesA of the phosphnoS" and nitrogea-coixtaiDiDg compoations of this 
inventioii as additives in gear lubncads is shown by an Axle Gear Test (CRC des^na- 
tion L— ^7), The test consists of {mcrating a 3/4 tm Dodge miiitaiy track asde having 

5 an axk mio of 5.8: 1 first under hig^ speed low-torque ocmdU 5 
torque low spz&i conditions. The hi^ ^eed low-mque ODEDdrtkais are: AuaXKm, 100 
minutesj axle speedy 440it5 r.pjn.; transnusslon gear levd, hig^; riqg gear torque^ 
150±5 lbs; and maxinum temperature, 300^F. The higjh toxguc tow speed coistad<ms 
arc: duration, 24 hours; temperature, 275*^rfc3**F; transmission gear levd, low-load; 

10 ring eear torque, 663±5 lbs; and engine qpeed, 80dbl r.p.m. After completion of the 10 
test ^e geax» axe inspected for scodng deport f oraudon and rusting. The axle lubricatit 
is ihen rated on ise Ml<ovrang numerical scale: 1 represeodng excd£ent, 2 representing 
good, 3 repiesenting borderlme pa8% 4 r^reswiting poor, and 5 rqjresentmg very poor. 
A gear lubricant comptMig a SAIE 90 miiieial lubricating dl ccmtaining 7.15% 

15 (by weight) of a diisobutene pdy^llide containing an average of 3.2 sulfur atoms per 15 
molecule prepared by st^wise reaction of isobutene with sulfur monochloride and 
Bodltim sumde, is found to fail the above test whh a numerical raciog of 5 whereas die 
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same lufaxicant tzoept that a portion (16^0 by weiglit) of the po^Uidc is xeplaced 
with the produce of Example 12 is fonnd to pass this test with a rating of Z 

The eflFectiveiMss of the phosphc^iis- and niarogen-craitaining coniposid(»i8 of this 
invention as additives in gear lubricants for use under hi^ speed and shod: load con-' 
ditions Is shown by the following Axle Gear Test (CRC designation ^-42> This test 
consists of operating a Spicer rear axle (model 44 — 1, obtainable from Dans Corpora- 
tion, Toledo, Ohio) driven by a 1956 Oievrolet V— 8 Powerglide engine first under 
bteakHui conditions, tlmn under high speed conditions (550 wheel r.pjn, in fourth gear), 
and then under shodc-toad ccaditions (131 pound-foot load at 550 wheel np^m. in thW 
gear). After completion of the test the gears ate inspected and the lubricant is said to 
pass the test if die gear teeth shov/ no appreciable airface distress, i.e^ scoring, ridging^ 
ripplina etc The lubricant described previously for the CRC Axle Gear Test is 
found to pass this test (in duplicate). 
WHAT WE CLAIM IS: — 

I» A process for preparing a phoq>horu8- and nitrogen-containing composition 
comprising fira:ming an aci^c intermediate by the reaction of a hydroxv^sutetitnied tri* 
ester of a phosphcm>thioic add with an inoiganic phosphorus acid, phosphorus oxide or 
pho^orus haM^ and neutralizing a substanriaf portion of said add& ^nfwwoiiiates 
with an amine. 

2. Ihe process of claim 1, wto'ein tlie inorganic phosphorus reagent is phos- 
phorus pentoxide* 

3. A process for preparing a phosphorus- and nitrpgeiMontahiiug conaposition 
comprising forming an adoic intermediate by ^ reaction of a hydcoiy-snbstitiiced 
triester of a phosphorodtthioic add having the framula 

wherein R^^ and are monovalent and bivalent substantially hydmcaxiKm ladicals 
re^ecttvety with phosphorus pentoside and neutralizing a substantial proportiQu of 
said addic intermi^iate with an amine. 

4. The process of daim 3, whodn R'^ and R^ in the formula aie al^hatic 
radicals. 

5. The piDcess of claim 3, whetem R^^ in the formula is an aliphatically-substi- 
tnted aixmiatic radical and R' hi the formula is a substantially aliphatic hydrocarbon 
radical 

6. The process of daim 3, wherein R^^ m tte formula is on alkyl radical, K' in 
the fomnila is an aligdene xadical, and die amine is an alfplmttV amins having ftom 4 
to 30 carbon atoms. 

7- The process of daim 3, wherein R" In tha foraiula is an alkaryl radical^ R* 
in the formula is an ali^Iene radical, and the amine is an aliphatic amine having from 
4 to 30 caxbon atoms. 

8. The process of any one of daims 3 to 7, wherem the molar rado of the 
hydroxy-substttuted triester of phosphorodithioic add to phosphorus pentoxide used In 
forming the addic intennedxate is within die range fzum 1 : 1 to 5: 1. 

9. The process of any one of daims 3 to 8, wherdn the reaction of the hydros- 
subsututed triester of a pho^horo<Sthioic add w^ phosphorus pencoxide is carried out 
at a temperature withm the range from 50^C to I50^C 

10. A proo^ for preparing a phosphorus- and nitzogen-containing composition 
comprising forming an acidic intermediate by the zcaction of a hydroirir-substituted tri- 
ester of a phosphorodidiioic add having the formula 

wherdn R^^ is a substantially aliphatic radical' having from 3 to 30 carbon atoms and 

IS a C| K alkj/iene radical ^th phosphorus pentoxide at a temperature withm the 

range from 50^d to 150°C, the molar ratio of the hydtoxy-substimted triester to 
pht^horus pentoxide bdng within the raitge from 1:1 to 5: 1^ and neutralizu^ said 
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IS 



acidic intennediatc with a substantially equivalent anxount of an aEphatic amine bemn^ 
fw)ni4to30caibouatom8, ^. , , 

IL The process of daim 10, wherein R*^ in tihc fonniila is an alkyl radical and 
the aliphatic amine is a tertiary-all^ primary ambe. 

5 12. A process for preparing a phosphorus- and nitrogen-containing cranpoatlon 5 

conq»rising forming an acidic intermediate by the reaction of hydnBcyptopyl 0,0^- 
dihescyl phosphotodithioate widi phosphoros pentoxide at a teiqperature within the 
range horn 50°C. to 150^C^ the molar ratio of the phosphocodUfaioate to phoq>faora8 
pentoxide being about 3 : 1, and neutralizing said addic intermediate with a &dbstantially 

10 eqpdyalent aniount of an al^hatic primary amfaie havi ^ 10 

13. A process for preparing a phosphorus- and nitrogen-ocmtamnig conqKisidoa 
rtftmpffgiiig forming an adcUc intermediate the reaction of hydru&yprupyl 0»0^- 
diheptylphenyl phMphorodtthioate with pho^horos pentoxide at a temperature withia 
the range from SO^C. to ISO^C, the mdar ratio of die phoa^orodilhioate to phoa^ 

15 phorus pentoxide being about 3: 1^ and neutrali^ng said addic intennediate with a 15 
substantially equivaloit amount of an aliphatic primary amine hamng 12 carbon atoms. 

14. Aprocess acoordingto daim Ij substantiaUy as hereinbefore described in any 
one of Exan^les 1 to 23. 

15. A composition made fay a process aooordmgto axqr one of daims 1 to 9. 

20 16* Acompositionmadebyaprocessaccordlngtoanyoneof daimslOto 14. 20 

17. A lubricating composition con^rising a major ^Mrc^ortlon by weight of lubri- 
cating oil and a minor proportion by weight of a composition according to 15. 

1*8. A lubric^ing composition oompdsiog a major ;>zopordon bs^ woigjit of a 
hibricatingQilami andnKHrpiopordonby wdghtcf aoomposickma^^ 
25 19. A lubricating composition substantially as herdnbefm described as any one 25 

of Lubricants A to 

For the Applicants^ 
D. YOUNG & CO., 
Chartered Patent Agents, 
9 Staple Inn, London, W.C.1. 
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